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Abstract. The present study compared the dentoalveolar development in beagle 
dogs after palatal repair according to the partially split flap technique and the von 
Langenbeck method. It was concluded that palatal surgery according to the par­
tially split flap technique resulted in significantly wider transverse distances of 
the maxillary dental arch than after the von Langenbeck procedure and that its 
final outcome closely resembled that of the control group.
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The facial morphology of patients with 
cleft lip and palate differs from the non­
cleft population15. This is caused by 
three main factors: intrinsic develop­
mental deficiencies, functional distor­
tions, and iatrogenic factors, The last 
factors are considered to be the major 
reason for midface hypoplasia in pa­
tients treated for clefts15. The quantity 
and distribution of scar tissue which de­
velops as a result of the surgical soft- 
tissue management are probably re­
sponsible for this phenomenon16.
Several experimental animal studies 
have been carried out to get more in­
sight in to  the effects of repair of lip, al­
veolus, and/or palate on facial growth. 
H e r f e r t 5“7 was the first to perform ex­
periments on beagle dogs. He con­
cluded from a split-mouth study on five 
dogs that raising mucoperiosteal flaps 
and leaving denuded bone exposed to 
the oral environment resulted in maxil­
lary growth impairment. In a series of 
studies following H e r f e r t ’s design, 
K r e m e n a k  et al. 10,11 and K r e m e n a k 12
found that unilateral excision of a strip 
of mucoperiosteum adjacent to the pos­
terior primary teeth resulted in maxillo­
facial growth inhibition. B a r d a c h  and 
coworkers1-3 created unilateral soft- 
tissue and hard-tissue defects in the lip, 
alveolus, and palate of rabbits and 
beagle dogs. Growth aberrations were 
found after surgical repair of the lip 
and palate, or after lip closure alone.
W ijd e v e l d  et al. 17,18 simulated pala­
tal surgery according to the method of 
von Langenbeck in beagle dogs of dif­
ferent ages in a nonbony cleft model. 
Their surgical approach resulted in a 
narrowing of the posterior dental arch 
which became apparent only after tran­
sition of the teeth. This was in contrast 
to the arch development in control ani­
mals, where the posterior teeth tended 
to be displaced laterally during growth. 
Histologic evaluation showed that the 
composition of the palatal scar tissue in 
the experimental groups remained dif­
ferent from the normal mucoperios­
teum, irrespective of the age at which
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surgery was performed. The scar tissue 
covering the lateral wound areas ad­
jacent to the posterior teeth lacked 
large blood vessels and elastic fibres, 
and showed a mainly transversal orien­
tation of collagenous fibres. The scar 
tissue was also attached to the under­
lying bone by Sharpey’s fibres, and the 
mucoperiosteum was continuous with 
the periodontal ligament. The combi­
nation of these factors in a growing ani­
mal might result in a medially directed 
tensile force on the teeth, resulting in 
narrowing of the dental arch during or 
after transition. The authors suggested 
that prevention of scar tissue attach­
ment to the underlying bone after 
surgery might lead to more favourable 
dentoalveolar development.
Using the experimental model of 
W ijd e v e l d , In d e  B r a e k t  et al. 8 ,9 
attempted to prevent scar tissue attach­
ment by separating scar tissue and pala­
tal bone by implantation of biocompat­
ible and biodegradable membranes. 
Premature degradation of the mem-
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Fig.  L Schematic drawing of partially split flap technique. After surgery, no denuded bone is 
present.
branes influenced the results negatively, 
but, by improvement of the material 
characteristics of the membranes, the' 
development of Sharpey’s fibres might 
be prevented. It remains still to be 
proven that membrane implantation 
precludes growth inhibition.
Apart from the use of biodegradable 
membranes, scar tissue attachment by 
Sharpey’s fibres may also be prevented 
by modification of the surgical tech­
nique of palatal repair. Leenstra et 
al,13 developed a partially split flap 
technique to prevent denuded bony 
areas after surgery (Fig. 1). This tech­
nique is a combination of the mucosal
palatal flap technique used by Perko14 
and the von Langenbeck technique. A 
study on beagle dogs found that» in 
contrast to the von Langenbeck pro­
cedure, the partially split flap technique 
largely prevented the development of 
Sharpey’s fibres. The scar tissue in the 
lateral parts of the palate of the latter 
group was demarcated only vaguely, 
and the palatal bone consisted of nor­
mal lamellar bone.
The aim of this study was to compare 
the dentoalveolar development in 
beagle dogs after palatal repair accord­
ing to the partially split flap technique 
and that of von Langenbeck,
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Fig.  2. Schematic drawing of simulated von Langenbeck technique resulting in denuded bony 
areas.
Material and methods
Animals
The experiments were performed on 22 
beagle dogs. In experimental group 1 (/z=10; 
age 12 weeks), palatal surgery used the par­
tially split flap technique. In experimental 
group 2 (n=6\ age 12 weeks), palatal repair 
according to von Langenbeck was simulated, 
as previously described by W ijdeveld  et 
al.18. Six dogs (age 12 weeks) served as con­
trols.
Surgical procedures
Prior to the surgical procedures, the animals 
were premedicated with 0.5 ml Thalamonal® 
(fentanyl, 0.05 mg/ml plus droperidol 2.5 mg/ 
ml; Janssen Pharmaceutica, Beerse, Belgium) 
and 0.5 ml atropine (atropine sulphate 0.5 
mg/ml). Subsequently, they were anaesthet­
ized with an intravenous injection of 30 mg/ 
kg Narcovet® (sodium pentobarbital 60 mg/ 
ml; Apharmo, Arnhem, The Netherlands). 
After intubation, anaesthesia was maintained 
with Ethrane® (enflurane 15 mg/ml; Abott, 
Amstelveen, The Netherlands). The oral mu­
cosa and the dentition were cleaned with 
chlorhexidine digluconate 1% in water. In 
addition, approximately 6 ml Xylocaine® 
(lidocaine hydrochloride 0.4 mg/ml plus ad­
renaline 0.0125 mg/ml; Astra Chemicals, 
Rijswijk, The Netherlands) was injected into 
the palatal mucoperiosteum to avoid excess­
ive bleeding during surgery.
In all experimental animals, a standard­
ized soft-tissue defect was created in the me­
dial region of the palate by incising, elevat­
ing, and removing an eiliptically shaped 
mucoperiosteal flap. This flap extended dist- 
ally from the canines to the region of the 
hard palate, distally of the primary third mo­
lars. The maximum width of the flap was 
one-third of the transverse distance between 
the primary first molars.
In the dogs in which surgery was per­
formed by the partially split flap technique 
(Fig. 1), the mucoperiosteum was elevated 
from the medial side of the bone to localize 
the greater palatine foramen and the major 
palatine neurovascular bundle in order to 
prevent its damage during surgery. On both 
sides of the palate adjacent to the posterior 
teeth, the mucoperiosteum was incised for 
half of its thickness. These incisions reached 
from canine to primary third molar. Hori­
zontal cleavage of the mucoperiosteum was 
then performed in a medial direction, until 
the split area was at least half the size of the 
soft-tissue defect in the mid line. A vertical in­
cision was then made in the deep layer of the 
mucoperiosteum reaching to the bone. Sub­
sequently, the medial part of the muco peri­
osteum was mobilized in full thickness. The 
partially split flaps were repositioned medi­
ally, and the soft-tissue defect was closed and 
sutured in one layer with 4-0 Vicryl. The 
areas of the palate adjacent to the dentition 
thus remained covered with the deep layer of 
the mucoperiosteum. No additional pro tec-
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tion o f the wounds or measures Lo adapt the 
flaps to the underlayer were used.
In the dogs in which palatal repair accord­
ing to von Langenbeck was simulated (Fig. 
2), relaxation incisions reaching to the bone 
were made on both sides of the palate ad­
jacent to the posterior teeth, and the remain­
ing palatal mucoperiosteum was elevated 
from the underlying bone with a small rasp-
Table 7. Interobserver errors
Variable Range Standard error
Transversal distances
C, PI 0.07-0.13 mm 0.11 mm
P2 0.35-0.50 mm 0.45 mm
P3, P4> M l 0.09-0.22 mm 0.15 mm
Arch depth 0.12-0.22 mm 0.17 mm
Tipping 0.08-0.31 mm 0,14 mm
Rotation 1 .3-2.1° 1 .8°
Arch form 0.8-1 .0° O <3 o
Fig. 3. Schematic drawing of maxillary pii 
mary dentition with measuring points,
atory. The major palatine neurovascular 
bundle was not damaged during the oper­
ation, The soft-tissue defect in the midline 
was closed and sutured in one layer with 4-
0 Vicryl, leaving two areas of denuded bone 
adjacent to the dentition.
All experimental animals were medicated 
preoperatively with 1 ml of Albipen® 15% 
(ampicillin anhydrate 150 mg/ml; Mycofarm, 
dc Bilt, The Netherlands) and maintenance 
doses of 1 ml Albipen® LA (ampicillin 
anhydrate 100 mg/ml;; Mycofarm, de Bilt, 
The Netherlands) on days 2 and 4 postopera- 
tively. All animals received a normal diet 
after surgery.-
Dental casts
Alginate impressions (CA 37®; Cavex, Haar­
lem, The Netherlands) of the maxilla of all 
animals were taken at 12 weeks of age at the 
start of the study or prior to surgery, and at
15, 17,' 19, 22, and 25 weeks of age. For this 
purpose, the animals were premedicated each 
time with 0.5 ml Thalamonal® (fentanyl 0.05 
mg/ml plus droperidol 2.5 mg/ml) and 0.5 ml 
atropine (atropine sulphate 0.5 mg/ml). 
Subsequently, they were anaesthetized with 
an intravenous injection of 15 mg/kg Nes- 
donal® (thiopental sodium 50 mg/ml). The 
alginate impressions were poured out within
2 h.
The following measuring points were de­
fined on the dental casts for the primary as 
well as for the permanent dentition (Figs. 3 
and 4):
Midpoint (mid): midpoint between central 
incisors
Tip points: tips of right and left canines; pri­
mary first, second, and third molars; per­
manent first, second, third, and fourth 
premolars; permanent first molars
Crest points: mesial and distal crests at gingi­
val margin of right and left primary first 
and second molars; permanent first, sec­
ond, and third premolars
The coordinates of the measuring points 
were digitized with a Reflex Microscope® 
(Reflex Measurement, London, UK). Inevi­
tably, due to the transition period, some 
'measuring points were missing at some ages. 
All series of dental casLs were measured by 
one observer. For determination of the meas­
urement error, 35 dental casts were digitized 
by two independent observers. The coordi­
nates of the measuring points in the primary 
and permanent dentition were used to calcu­
late the following categories of variables.
Transversal distances. These were the sum of 
the perpendicular distances from the tips of 
corresponding left and right teeth to the line 
between midpoint and the midpoints of the 
lines between the tips of the right and left 
primary third molars or, if available, the 
right and left permanent first molars.
Arch depths. These were distances between 
midpoint, and the midpoints of the lines be­
tween the tips of the right and left primary 
third molars or, if available, the right and left 
permanent first molars.
Tipping. Tipping was calculated as the dis­
tance of the projection of the tip of a certain 
tooth to the line between the mesial and dis­
tal crests of Lhe same tooth. It was also re­
corded whether teeth tipped palatally or buc- 
cally. This was carried out for all. primary 
first and second molars and all permanent 
first, second, and third premolars.
Rotation. Rotation was defined as the angle 
between the anteroposterior line used for the
Table 2. Results of multiple regression analysis for comparison of transversal and sagittal 
distances in permanent dentition of experimental groups and control group at age of 25 
weeks. Differences are given at P<0.025 level
Variable
C
n=6
1
«= 10
2
n—6
Significant
difference
Residual
SD
Transversal distance
CC tip 35.3 36.5 33,9
»
(
1 >2 1.6
CC mesial crest 26.8 27.5 26.1 1>2 0.8
P1P1 mesial crest 27.5 28.6 24.4 1, C>2 1.2
P1P1 tip 30.5 31.9 27.5 1 ,C >2 1.1
PIP 1 distal crest 30,8 32.4 28.7 1,C >2 1.2
P2P2 mesial crest 28.6 29.0 25.6 1 , 0 2 1.1
P2P2 tip 33.0 32.8 28.1 I, 0 2 1.7
P2P2 distal crest 33.1 34.2 29.8 1 , 0 2 1.4
P3P3 mesial crest 32.4 29.4 28,7 0 2 “2.0
P3P3 tip 28.5 36.4 35.6 0 1,2 1.0
P3P3 distal crest 42.3 43.1 40.3 1 >2 1.6
P4P4 tip 48.5 48.9 46.4 1 , 0 2 1.4 ,
1.4M1M1 tip 50.3 49.9 48.3 0 2
Arch depth (Mlmid) 71.9 75.5 72,3 l>2 2.2
Fig. 4. Schematic drawing of maxillary per 
manent dentition with measuring points.
I=experimental group 1 (partially split flap technique). 
2=experimental group 2 (von Langenbeck technique). 
C=control group.
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Fig. 5. A) Dental cast of control dog at age of 25 weeks. B) Dental cast of dog at age of 25 weeks of partially split flap group, C) Dental cast
of dog at í von Langenbeck group. Omega shape of arch is more pronounced.
determination of the arch depth and the line variables, i.e., transversal distances,
through the mesial and distal crests of indi­
vidual teeth. This was calculated for the same 
teeth as mentioned for tipping.
arch depths, tipping, rotation, and arch
Discussion
For the range and the standard Dentoalveolar development in growing 
errors, see Table 1. The accuracy of the beagle dogs was compared after palatal 
method was considered to be accept- repair according to the partially split flap 
able.
Dental cast measurements
technique and according to von Langen­
beck’s procedure. The presence of a bo ny 
palatal cleft was not essential for the aim 
of the study, as primary closure of a hu~
-Arch form. The arch form was expressed as 
the outer angle between the line through the 
tip of the most posterior tooth and the tip of 
the primary first molar or its successor, and 
the line through the tip of the primary first
molar or its successor and midpoint. The The relevant results of the multiple re- man palatal cleft is generally achieved by
angles were calculated for both sides of the gression analyses are presented in Table mucoperiosteal manipulation alone,
dental arch. 2. At the age of 12 weeks, at the start rather than by osseous surgery. The es~
of the study, no significant differences sential difference between the two surgi-
between the groups were detected for cal techniques used in the present study
any of the categories of variables, ex- is that the von Langenbeck procedure re-
cept for tipping of the first primary mo- suits in areas of denuded bone adjacent
lar on the left side, which had more tip to the posterior teeth, while denuded
Statistical procedures
Individual correction factors were used for 
the following categories of variables: trans­
versal distances, and arch depths for all the
animals. Thus were eliminated initial differ- in group 2 than in group 1. At the ages bone is avoided with the 
ences in size which were present despite ran- of 15, 17, 19, and 22 weeks, in general, flap technique, 
domization at the start of the study. There- no significant differences were found; Wound healing after
after, multiple regression analyses were used therefore, these
to compare these variables with the Bon- 
feroni correction, leading to a = 0,025 per 
test, Tukey’s multiple comparisons test was 
used to compare the variables tipping, ro­
tation, and arch form of the different groups, 
because these variables did not need correc­
tion of the initial values.
surgery was
are omitted in without any problems in both experi
Table 2, At the age of 25 weeks, the mental groups, This supports reKMI
transversal distances of group 2 were, 
in general, significantly smaller than in
Results
Reproducibility
suits of an earlier study by L eenstra  et 
al.13 which stated that in both tech- 
group 1 and the control group. niques the risk of flap necrosis is almost 
Group 1 had a significantly larger arch nil, if correctly performed, 
depth than the control group. In com- As in man, palatal closure in the dogs 
parison of the variable arch form, Tu- was performed when the primary den 
key’s multiple comparisons resulted in a tition was still functioning. The dogs
>«■!)
smaller outer fo r were followed until the age of 25 weeks
group 2 than group 1, indicating a more when the transition of the dentition is 
omega-shaped arch form than for completed. The dental arch width in 
were found between the two indepen- group 1. All groups were comparable beagle dogs hardly increases after the
systematic
dent observers for the five categories of for the variables tipping and rotation age of 25 weeks, as was by
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W ijd e v e l d  et a l17. Therefore, there was 
no need to study the dogs after the age 
of 25 weeks.
At the age of 25 weeks, transversal 
distances in the partially split flap tech­
nique group and the control group 
were, in general, significantly larger 
than in the von Langenbeck group (Fig. 
5). The other variables of both groups 
were comparable, The results for the 
von Langenbeck group are comparable 
to those in other studies8,17, although 
there were some differences. For ex­
ample, in the present study, the trans­
versal width in the area of the first per­
manent molars after simulated von 
Langenbeck surgery was significantly 
smaller than in the control animals, 
This is in contrast to the results of In 
d e  B r a e k t  et a l . 8, but it resembles the 
results of the von Langenbeck group 
operated at the age of 16 weeks, as de­
scribed by W i j d e v e l d  et al.17, D i x i t  et 
al. 4 found no inhibition of maxillary ‘ 
growth after repair of palatal defects in 
8 -week-old beagle dogs, apparently in 
contrast to our results. In their study, 
however, the dogs were followed only 
until the age of 2 0  weeks, meaning that 
at the end of their study the transition 
of the teeth was not yet completed and 
growth was still continuing. As shown 
in the present study, the effect of palatal 
surgery becomes apparent only at the 
age of 25 weeks.
Earlier studies17,18 suggested that 
prevention of scar tissue attachment to 
the underlying bone might lead to more 
favourable dentoalveolar development. 
For this reason, the partially split flap 
technique was designed, which has been 
shown to cause less scar tissue with no 
attachment to the underlying bone13. 
This may explain the present finding 
that palatal surgery according to the 
partially split flap technique leads to
normal transverse development of the 
maxillary dental arch.
The results of this study show that 
palatal surgery in which no denudation 
of palatal bone takes place favours 
dentoalveolar development in dogs.
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